Background Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by inflammation and destruction of the joints. Objectives This research aims to estimate the economic burden of RA in Taiwan. Methods The National Health Insurance Research Database (NHIRD), a claims-based dataset encompassing 99 % of Taiwan's population, was applied. We used a microcosting approach for direct healthcare costs and indirect social costs by estimating the quantities and prices of cost categories. Direct costs included surgeries, hospitalizations, medical devices and materials, laboratory tests, and drugs. The costs and quantities of the direct economic burden were calculated based on 2011 data of NHIRD. We identified RA patients and a control cohort matched 1:4 on demographic and clinical covariates to calculate the incremental cost related to RA. Indirect costs were evaluated by missed work (absenteeism) and worker productivity (presenteeism). For the indirect burden, we estimated the rate of absenteeism and presenteeism from a patient survey. Costs were presented in US dollars (US$1 = 30 TWD). Results A total of 41,269 RA patients were included in the database with incremental total direct cost of US$86,413,971 and indirect cost of US$138,492,987. This resulted in an
Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disease of the joint synovium [1] , leading to progressive disability and loss of function. RA is associated with Electronic supplementary material The online version of this article (doi:10.1007/s40801-016-0063-8) contains supplementary material, which is available to authorized users. cardiovascular diseases and premature death, but in working-age adults the symptoms of RA can result in diminished productivity, work absences, and ultimately unemployment [2] . RA exacerbations may require emergency department visits and inpatient hospitalization. With advances in RA treatment, many of these consequences can be avoided, albeit at some expense [3] .
The costs of illness attributable to RA in Western nations has been well characterized. Direct healthcare costs and indirect costs from the effect of illness on the workforce shape estimates of the average and collective economic burden of RA [4] . Population-based studies from registries, administrative claims, and micro-costing studies have been instrumental in showing the societal burden of RA [5] [6] [7] . However, RA is a pervasive illness not limited to Western countries. RA has a global prevalence of 0.24 %, ranking 42nd out of 291 diseases in ascending contributions to global disability [8] .
Taiwan is an attractive candidate for calculating the economic cost of illness for RA in a non-Western country because this nation has an educated population with an advanced healthcare system and a near complete insurance claims dataset [9] . A prior analysis using the National Health Insurance Research Database (NHIRD) calculated the prevalence of RA in Taiwan at 97.5/100,000 [10] . Therefore, our aim was to estimate the direct healthcare costs of RA in Taiwan using the NHIRD and calculate indirect costs due to absenteeism and lost productivity from a sample of working-age RA sufferers. The combined figure will be an estimate of the total economic burden of RA in Taiwan.
Methods

Data Sources
For the calculation of direct healthcare costs, we utilized cross-sectional data from Taiwan's NHIRD [11] . The National Health Insurance program of Taiwan provides mandatory universal healthcare coverage for Taiwanese citizens. The NHIRD is an administrative claims dataset which captures 99 % of all medical claims for the Taiwanese citizens. Baseline demographics and healthcare utilization events are compiled annually, including diagnostic coding for medical conditions, as well as details and expenditures for prescriptions, medical devices, and inpatient and ambulatory care claims. These features have made the NHIRD an attractive source for population-based healthcare studies [12] [13] [14] [15] . We used the following data subsets in our analysis: registry for catastrophic illness patients (HV), registry for beneficiaries (ID), inpatient expenditures by admissions (DD), details of inpatient orders (DO), ambulatory care expenditures by visits (CD), and details of ambulatory care orders (OO).
We determined RA exposure through the use of International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) code [16] 714.xx (excluding 714.3) in the catastrophic illness file (a registry file that records all prevalent cases of patients who have major illnesses) of the NHIRD for rheumatoid arthritis associated with any healthcare event occurring during the 2011 calendar year. Patients who have catastrophic illnesses are exempt from co-payment. All prevalent RA patients in 2011 were included in the 2011 catastrophic illness file, so we captured all of the RA patients.
For indirect healthcare costs, we developed a patient questionnaire [Work Productivity and Activity Impairment Questionnaire: Rheumatoid arthritis (WPAI:RA)] [17] [18] [19] to determine missed work and reduced productivity while at work. The questionnaire was administered to RA sufferers aged 20-70 years identified from specialty care clinics. The survey was designed to over-sample patients with severe RA to ensure an adequate sample size for parameter estimation by level of severity. From June 2013 to May 2014, we conducted face-to-face patient interviews with patients aged between 20 and 70 years at the rheumatology outpatient clinics of four hospitals located in northern, central, and southern Taiwan after being approved by the ethics committee of each participating hospital. The sampling took a purposive procedure and no randomized procedure was used. In order to obtain the minimum acceptable number of patients for each level of RA severity, each physician was required to include at least ten patients per level of severity defined by Disease Activity Score (DAS 28).
2011 Taiwanese dollar to US dollar exchange rates were retrieved from Google Finance [20].
Matching Criteria
We matched these cases to non-RA sufferers (at random and with replacement for each RA case) at a ratio of 1:4 on the basis of demographics (age, gender, and level of urbanization) for all adults covered by the National Health Insurance program (see Supplementary Electronic Material Table 1 , for patient numbers). Note that the 1:4 ratio is the most commonly used ratio by researchers when matching cases and controls because ''there is usually no marginal increase in precision from increasing the ratio of controls to cases beyond four'' [21] . Since the study took a casecomparison approach, issues such as multiple chronic conditions in patients occurred in both the cases and comparison groups. The differences in the utilization, e.g. medication, show the incremental medication costs between the two groups under their respective profiles of chronic conditions.
Microcosting
The estimated economic burden of RA in Taiwan is the sum of the direct healthcare costs attributable to consequences and care for RA and the societal impact of RA on missed work (absenteeism) and worker productivity (presenteeism). To calculate the direct costs for each of the RA and non-RA cohorts, we took the total amount of healthcare events consumed by all patients and divided it by the total number of patients to calculate mean costs; there were no confidence intervals or standard deviation results generated in this process.
In line with previous studies [22, 23] , we calculated the societal impact (indirect costs) of RA from the sum of annual missed work due to RA accounting for the loss of productivity for the time worked. Presenteeism was calculated by segmenting the patients into mild, moderate, or severe groups based on survey results. Based on the number of hours the patients reported being at work, their work productivity effect was analyzed. A work productivity effect of 10 (scale 1-10) was penalized as no work being done and a 100 % forfeiture of wages during that time. A 5 was assessed as a 50 % reduction of productivity and a 50 % reduction in wages during that time was assessed.
The total burden of illness (BOI) for the nation of Taiwan is the product of the mean (incremental direct and indirect) costs associated with RA multiplied by the prevalent RA population (Fig. 1 ).
Model Inputs
Direct healthcare events of interest extracted from the 2011 NHIRD included inpatient events, ambulatory care events, and RA-related prescription pharmaceuticals. Inpatient events were decomposed into ICU bed stays, chronic bed stays, acute stays, and top ten surgical procedures. The top ten outpatient medical devices and diagnostic procedures used were sorted and used to inform the model. RArelevant medications included biologic disease-modifying antirheumatic drugs (DMARDs), non-biologic DMARDs, non-steroidal anti-inflammatory drugs (NSAIDs), and steroids. The average costs for each of these parameters were also taken from the NHIRD 2011 dataset (See Table 1 for details of direct cost parameters).
Indirect cost inputs (from RA patient questionnaires) were rate of employment for RA patients, time lost due to RA, the effect of RA on productivity, and mean salary ( Table 2) .
Results
A total of 41,269 Taiwan National Health Insurance enrollees had healthcare events coding for RA in 2011. The mean age of the exposed cohort was 59.4 (range 2-105), 78.1 % were female. Seventy-four percent of RA sufferers in the dataset were found in urban areas.
Under the constraint of time and costs, 140 RA sufferers of all severity levels (57 mild, 44 moderate, 39 severe) responded to the Work Productivity and Activity Impairment questionnaire for calculation of indirect costs [19] . Of these, 39.3 % were employed, with unemployment, lost working hours, and impairment while working greater for more severe illness than for mild or moderate RA [24, 25] .
The mean incremental direct costs attributable to RA were US$2050 per person. The mean indirect costs per person were US$3356. The economic burden of illness of RA for the nation of Taiwan in 2011 was US$224,906,868.
The incremental direct healthcare costs of RA comprised US$86,413,971 in 2011. The largest expenditures within direct healthcare costs were for RA-related prescription medications, amounting to US$73,028,944, of which 67.4 % were due to biologic DMARDs. Laboratory tests (US$6,132,395) and inpatient ward costs (US$3,208,559) were the next largest expenses.
Indirect costs were estimated at US$138,492,897 (61.6 % of the total economic burden of illness). Although 
Discussion
Economic burden of illness models facilitate understanding of the shared costs to society for disabling health conditions [26] . Because illness is distributed differently in different countries, nation-specific data can further emphasize the variation in expenditures and lost labor where geographic, cultural, governmental, and economic factors differ. For Taiwan, the nearly complete dataset available for healthcare usage through the National Health Insurance program allows for accurate nation-level evaluation of attributable direct healthcare costs, while patientreports of effects on missed work and reduced productivity estimate the impact of RA on the labor force of Taiwan. Here, we note that the majority of direct healthcare costs are due to the expense of pharmaceutical treatments for RA, but this is outweighed by the indirect costs of RA, particularly on worker productivity. Direct healthcare costs of RA are a function of utilization of healthcare resources. While only a minority of RA sufferers will use acute care in the form of emergency room visits and inpatient hospitalization in a given year, nearly all RA sufferers experience routine outpatient evaluation and treatment of the illness. The costs of treatment in particular are multiplied over nearly the entire prevalent RA population, and the prescription medications with the greatest expense per person (biologic DMARDs) are reflected in the percentage of direct healthcare costs for Taiwan (greater than 55 %).
Much of the disability of rheumatoid arthritis is inflicted by inflammatory damage from the illness on the joints of RA sufferers. In reducing the symptoms of joint inflammation from RA, the degree of disability can be ameliorated. The DMARDs, particularly the newer biological DMARDs, have shown particular efficacy in curbing RA where chronic inflammation causes permanent damage and disability. The indirect costs of RA are due in large part to RArelated disability affecting job performance [4] . Pain and swelling in the joints of the hand and wrist are highly disruptive to both manufacturing and office work [27] . Taiwanese workers with RA, though having a relatively low rate of absenteeism, experience marked productivity losses that are attributable to their disease. Furthermore, as the severity of the illness increases, the degree of work impairment is greater.
The indirect economic costs depicted here, while representative of RA-related disability, likely understate the effect of RA on quality of life and function. The questionnaire respondents were not a representative sample of the RA population in Taiwan. Less than half of the questionnaire respondents were employed, with unemployment higher with increased disease severity. Absenteeism and presenteeism fail to capture the daily struggles in the 60 % of persons who are not part of the Taiwanese work force. Impairment in activities of daily living including walking, shopping, cooking, and cleaning may be substantial in this group.
Relative to other conditions evaluated using Taiwan NHIRD data, costs for RA are large. In a matched, casecontrol study of Taiwanese citizens with chronic rhinosinusitis, the mean incremental direct healthcare costs were US$373 for nearly 6000 persons [28] . An evaluation of the direct and indirect healthcare costs of psoriasis, an inflammatory skin condition with similar prescription treatments to RA, showed a total cost of US$33.4 million annually (in 2009 dollars), distributed among over 51,000 prevalent persons [29] . Only 10 % of costs were due to loss of productivity. In our study, we note a greater mean and total cost for RA than these conditions, and a far greater share of cost due to worker productivity loss than in psoriasis.
This analysis is comparable to burden-of-illness studies for RA in Western countries. A population-based analysis of indirect and direct costs attributable to RA in Sweden [5] showed the total national burden of illness of 600 million euros (for around 20,000 prevalent persons) in 2010, of which 58 % were indirect costs and prescription drug costs were 33 % of total costs. An economic model of the cost of illness of RA in Italy [6] concluded that the total annual cost was 3.5 billion euros for a prevalent population of over 250,000 persons with RA, where indirect and non-medical direct costs comprised 79 % of the total. Estimates of tangible costs (direct and indirect) of RA in the USA (not due to premature mortality or loss of quality of life) have been estimated to be up to US$19.2 billion [30] , and prevalence estimated at 1.3 million adult Americans with RA [31] . Our findings show that per-person annual costs of RA in Taiwan are greater than those in Sweden but substantially less than estimates for US and Italian RA sufferers.
There are several limitations to this study. First, we examined annual direct healthcare expenditures by looking at a single year of data. The effects of treatment on the course of a chronic illness, which can last for many years, were outside the scope of this study as they would require multi-year analyses. Second, we assumed that a convenience sample of RA sufferers from specialty clinics were representative of the prevalent RA population. While the age range for the population-based study (from the NHIRD) is greater (age 2-105 years), we limited the questionnaire respondents to those of working age (20-70 years) to gauge the effects of RA on the workforce. Third, the estimation of indirect costs was limited to the RA sufferer, and did not include caretaker costs, lost work, and other expenses incurred by family and friends of the RA patient. Fourth, we did not evaluate the counterfactual argument regarding potential contributions to the workforce that currently unemployed RA sufferers could make if they did not have RA. The net effect of these latter two criticisms is an underestimation of the true burden of the illness as pertains to indirect economic costs of RA. Lastly, since the NHIRD is a claims-based dataset, our calculations may be underestimating the actual cost of RA. For example, home-based or institution-based long-term care is not covered by the National Health Insurance.
Conclusion
The burden of illness of RA in Taiwan is substantial. The direct healthcare costs, although large, are overshadowed by the loss of productivity of workers with the condition. This creates an opportunity for improved function while at work and home to offset the cost of new and effective treatments for RA in Taiwan.
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